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(54) LOW AMPLITUDE INPUT LEVEL CONVERTING CIRCUIT 

(57)Abstract: 

PURPOSE: To obtain the level converting circuit which can operate enough against an 
input clock signal of low amplitude. 

CONSTITUTION: The input level converting circuit is provided with detector/ 
offsetters 1 A1B and a level shifter 2. The level shifter 2 contains an input transistor 
mn1 having a prescribed threshold and amplifies an input clock signal CK1 of 
comparatively low amplitude to an output clock signal Vout of comparatively high 
amplitude. The detector/offsetter 1A detects a threshold of the input register 
concerned mn1 and adds an offset corresponding thereto to the input clock signal 
CKIand thereaftersupplies it to the level shifter concerned 2. 



CLAIMS 



[Claim(s)] 

[Claim 1]A low amplitude input level converting circuit comprising: 
A level conversion section which amplifies an input clock signal of low amplitude to an 
output clock signal of high amplitude comparatively including an input transistor which 
has a predetermined threshold. 



The detector / off-setter supplied to this level conversion section after detecting a 
threshold of this input transistor and adding offset according to this to an input clock 
signal 

[Claim 2]The low amplitude input level converting circuit according to claim 1 which 
said detector / off-setter are provided with a sensing element which detects a 
threshold of this input transistorand adds offset according to a detection result to an 
input clock signal. 

[Claim 3]While applying offset according to voltage of a threshold level which said 
sensing element consists of a detecting transistor formed so that it might have a 
threshold equivalent to this input transistorand is produced between its sauce/gate to 
an input clock signalThe low amplitude input level converting circuit according to 
claim 2 where it has a current source which drives this detecting transistor. 
[Claim 4]The low amplitude input level converting circuit according to claim 3 where 
said current source consists of a transistor element or a resistance element by which 
the series connection was carried out between a power source line and a detecting 
transistor. 

[Claim 5]Said level conversion section contains an input transistor of a couple which 
accepts an input clock signal of an opposite phase in a gate mutuallyThe low 
amplitude input level converting circuit according to claim 1 where an input clock 
signal supplied to a gate of one input transistor is simultaneously impressed to sauce 
of an input transistor of another side. 

[Claim 6]The low amplitude input level converting circuit according to claim 1 where 
said level conversion section consists of a current mirror circuit. 
[Claim 7]The low amplitude input level converting circuit according to claim 1 where 
said level conversion section consists of flip-flop circuits. 

[Claim 8]The low amplitude input level converting circuit according to claim 1 which is 
built in a thin film transistor integrated circuit deviceand functions as the clock 
interface. 

[Claim 9]Said level conversion section contains an input transistor of a coupleand an 
input clock signal of single phase to which predetermined offset was added by a 
corresponding sensing element is impressed to a gate of one input transistorThe low 
amplitude input level converting circuit according to claim 2 where direct 
predetermined offset is impressed to a gate of an input transistor of another side via 
a corresponding sensing element. 

[Claim 10]While an input clock signal of single phase supplied to a gate of one input 
transistor is simultaneously supplied to sauce of an input transistor of another 
sideThe low amplitude input level converting circuit according to claim 9 which 
contains auxiliary elements for reducing driving ability of one input transistor from an 
input transistor of another sideand attains reversal stabilization of an output clock 
signal when this single phase input clock signal switches to a zero level. 



• I 



[Claim 1 1]Said auxiliary elements consist of auxiliary transistorsand the sauce is 
connected to sauce of an input transistor of another sideThe low amplitude input 
level converting circuit according to claim 10 where the drain is connected to a gate 
of one input transistorand common connection of the gate is carried out to a gate of 
an input transistor of another side. 

[Claim 12]A active-matrix indicator containing liquid crystal picture elements and a 
thin film transistor for a pixel drive characterized by comprising the followingA 
circumference driving circuit part containing a vertical shift register which supplies a 
horizontal shift register and a selection signal which control supply of a picture signal 
over this thin film transistorAn active matrix type liquid crystal display device with 
which a clock interface which supplies a clock signal to these shift registers was 
formed on the same substrate. 

A level conversion section to which said clock interface amplifies an external input 
clock signal of low amplitude to an internal output clock signal of high amplitude 
comparatively including an input transistor which has a predetermined threshold. 
The detector / off-setter supplied to this level conversion section after detecting a 
threshold of this input transistor and adding offset according to this to an external 
input clock signal 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a level conversion circuit. In more 
detailit is built in a thin film transistor integrated circuit device etc.functions as the 
clock interfaceand is related with the low amplitude input level converting circuit 
which carries out pulse amplification of the input clock signal of low amplitude. 
[0002] 

[Description of the Prior Art]An example of the conventional level conversion circuit 
is shown in drawing 7 . This level conversion circuit 101 is built in the thin film 
transistor (TFT) integrated circuit device 102and functions as that clock interface. 
The level conversion circuit 101 consists of a current mirror circuit containing input 
transistor mn1 of a couplemn2 and load transistor mp1 of a coupleand mp2. Each 
input transistor is N channel electric field effect type TFT. Each load transistor is P 
channel electric field effect type TFT. Clock signal CK1 of an opposite phase and CK2 
are mutually supplied to the gate of input transistor mn1 of a coupleand 
mn2respectively. A current mirror circuit receives supply of the power supply voltage 
VDDand supplies output clock signal Vout by which pulse amplification was answered 
and carried out to input clock signal CK1 and CK2. This output clock signal Vout is 



used as an internal clock for operation of the thin film transistor integrated circuit 
device 102. This thin film transistor integrated circuit device 102 has comparatively 
high operating voltageand the power supply voltage VDD is about 1 1 V-14V. On the 
other handinput clock signal CK1 of a couple and CK2 are supplied from the timing 
generator (TG) 103. This timing generator 103 consists of a CMOS gate array usually 
formed in the silicon chipand that power supply voltage is comparatively low. 
[0003] 

[Problem(s) to be Solved by the Invention]With reference to drawing 8 Qbject of the 
Invention is explained briefly. As shown in (a)the conventional level conversion circuit 
101 answers input clock signal CKIand carries out pulse amplification of the output 
clock signal Vout. Under the present circumstancesthe amplitude (summit potential) 
of input clock signal CK1 needs to be higher than the threshold Vth of input transistor 
mn1 to some extent. For examplewhen the threshold Vth sets to 3Vthe summit 
potential of an input clock signal is needed V or more [ 4 ]. If the summit potential of 
input clock signal CK1 is lower than the threshold voltage Vth as shown in (b)input 
transistor mn1 will not fully flow and proper output clock signal Vout will not be 
obtained. 

[0004]On the other handgenerally the timing generator 103 of the exterior used as 
the supply source of an input clock signal comprises a CMOS gate arraythe voltage 
lowering progresses quickly and power supply voltage has become less than 5V to 
conventional 3.3V and also it in recent years. Thusin the clock signal supplied from 
the timing generator by which voltage lowering was carried out. There are some which 
are less than the TFT threshold by the side of the thin film transistor integrated 
circuit device 102andunder the present circumstancesthe technical problem that it is 
becoming a very difficult situation interfacing directly the CMOS gate array by which 
voltage lowering was carried outand a thin film transistor integrated circuit device 
occurs. 

[0005]In the conventional example shown in drawing 7t he level conversion circuit is 
mutually operated using opposite polar two phase input clock signal CK1 and CK2. 
Thereforethe contact button of a couple is needed as a clock interface. The number 
of contact buttons of a clock interface increasesand while connection work becomes 
complicatedcompact mounting of a device is checked as the number of required 
internal clocks increases. In view of this pointthe level conversion circuit which 
operates with a single phase input clock signal is proposedand that example is shown 
in drawing 9 . He has the same composition as the two phase input level converting 
circuit fundamentally shown in drawing 7 and is understanding easily by giving a 
corresponding reference mark to a corresponding portion. A different point is 
replacing with inversion input clock signal CK2 to the gate of input transistor mn2and 
impressing fixed DC bias VG. 

[0006]With reference to drawing IQ operation of the single phase input level 
conversion circuit shown in drawing 9 is explained briefly. If input clock signal CK 



becomes high-levelinput transistor mn1 and load transistor mp2 will be in switch- 
onand output clock signal Vout by which pulse amplification was carried out will rise. 
Nextif input clock signal CK is set to a low levelwhile load transistor mp2 will be in 
non-switch-onoutput clock signal Vout falls by operation of input transistor mn2 to 
which fixed bias VG was impressed. In order to be stabilized and to perform this 
operationbased on the summit potential of input clock signal CKthe threshold voltage 
of drive transistor mn2etc.it is necessary to set up fixed bias VG appropriately. 
Howeverit is very difficult to set up fixed bias VG in internal circuit in practice. 
Adjustment delicate also as an external input is required for fixed bias VGand it is not 
practical. Like the two phase input level converting circuit shown in drawing 7 also in 
the single phase input level conversion circuit shown in drawing 9 when the summit 
potential of an input clock signal becomes below the threshold voltage of an input 
transistorthe technical problem that proper output clock signal Vout cannot be 
obtained occurs. 
[0007] 

[Means for Solving the Problem]In view of a technical problem of a Prior art 
mentioned abovean object of this invention is to provide comparatively a level 
conversion circuit which can operate stably also to a two phase or a single phase 
input clock signal of low amplitude. The following means were provided in order to 
attain this purpose. That isa low amplitude input level converting circuit concerning 
this invention comprises a detector / an off-setter arranged at the preceding 
paragraphand a level conversion section arranged in the latter part. A level conversion 
section amplifies an input clock signal of low amplitude to an output clock signal of 
high amplitude comparatively including an input transistor which has a predetermined 
threshold. After a detector / off-setter detects a threshold of this input transistor 
and adds offset according to this to an input clock signalit is supplied to this level 
conversion section. 

[0008]According to one mode of this inventionsaid detector / off-setter are provided 
with a sensing element which detects a threshold of this input transistorand adds 
offset according to a detection result to an input clock signal. This sensing element 
consists of a detecting transistor formed so that it might have a threshold equivalent 
to this input transistorand while applying offset according to voltage of a threshold 
level produced between its sauce/gate to an input clock signalit has a current source 
which drives this detecting transistor. This current source consists of a transistor 
element or a resistance element by which the series connection was carried outfor 
example between a power source line and a detecting transistor. Preferablysaid level 
conversion section contains an input transistor of a couple which accepts a two 
phase input clock signal of an opposite phase in a gate mutuallyand an input clock 
signal supplied to a gate of one input transistor is simultaneously impressed to sauce 
of an input transistor of another side. A level conversion section which has this 
composition consists of a current mirror circuitfor example. Or it may replace with 



this and a flip-flop circuit may be used. 

[0009]This invention is not restricted to a two phase input level converting circuit 
mentioned aboveand can be applied also to a single phase input level conversion 
circuit. That isaccording to other modes of this inventiona level conversion section 
contains an input transistor of a coupleand an input clock signal of single phase to 
which predetermined offset was added by a corresponding sensing element is 
impressed to a gate of one input transistor. Direct predetermined offset is impressed 
to a gate of an input transistor of another side via a corresponding sensing element. 
In this casean input clock signal of single phase supplied to a gate of one input 
transistor is simultaneously supplied to sauce of an input transistor of another side. 
When a single phase input clock signal switches to a zero levelauxiliary elements for 
reducing driving ability of one input transistor from an input transistor of another side 
are containedand reversal stabilization of an output clock signal is attained. Said 
auxiliary elements consist of auxiliary transistorsthe sauce is connected to sauce of 
an input transistor of another sidethe drain is connected to a gate of one input 
transistorand common connection of the gate is carried out to a gate of an input 
transistor of another side. 

[001 0]A low amplitude input level converting circuit concerning this invention is 
builtfor example in a thin film transistor integrated circuit deviceand functions as the 
clock interface. For exampleas a thin film transistor integrated circuit deviceA active- 
matrix indicator containing liquid crystal picture elements and a thin film transistor for 
a pixel driveA circumference driving circuit part containing a vertical shift register 
which supplies a horizontal shift register and a selection signal which control supply of 
a picture signal over this thin film transistorAn active matrix type liquid crystal display 
device with which a low amplitude input level converting circuit which supplies an 
input clock signal to these shift registers was formed on the same board is mentioned. 
In this casea low amplitude input level converting circuit carries out accumulation 
formation of the electric field effect type TFT. Howeverthis invention may not be 
restricted to this and a low amplitude input level converting circuit may be the MOS 
transistor which used bulk silicon. GaAs may be used as a semiconductor material. 
[0011] 

[Function]According to this inventioneven the proper level [ input clock signal / of 
low amplitude ] corresponding to the threshold of TFT first adds offset internallyand 
level conversion is performed after an appropriate time. To the input clock signal 
amplitude of the threshold plus alpha having been conventionally required foreven if it 
is the input summit potential below a thresholdpulse amplification operation is 
attained enough. Thereforeif the low amplitude input level converting circuit 
concerning this invention is useda clock interface will be directly attained also to the 
timing generator which consists of a CMOS gate array by which voltage lowering was 
carried out. This invention is applicable not only to a two phase input level converting 
circuit but a single phase input level conversion circuitand when it uses as a clock 



interfaced can reduce the number of contact buttons. 
[0012] 

[Example]With reference to drawingsthe suitable example of this invention is 
described in detail below. Drawing 1 is a circuit diagram showing the 1st example of 
the low amplitude input level converting circuit concerning this invention. This level 
conversion circuit comprises a detector / the off-setters 1A and 1B of the preceding 
paragraphand the latter level shifter 2 (level conversion section) so that it may 
illustrate. Including input transistor mn1 which has the predetermined threshold 
Vththe level shifter 2 operates so that input clock signal CK1 of low amplitude may be 
comparatively amplified to output clock signal Vout of high amplitude. Input transistor 
mn1 consists of N channel electric field effect type TFT in this example. On the other 
handa detector / off-setter 1 A detects the threshold Vth of input transistor mnland 
after it adds the offset according to this to input clock signal CK1it supplies it to the 
level shifter 2. This detector / off-setter 1A are provided with the sensing element. A 
sensing element is provided with the detecting transistor mpA formed so that it might 
have a threshold equivalent to this input transistor mn1 While applying the offset 
according to the voltage of the threshold level produced between its sauce/gate to 
input clock signal CK1it has the current source Io which drives this detecting 
transistor mpA. This detecting transistor mpA consists of P channel electric field 
effect type TFTand the drain and the gate are connected also to the gate of 
corresponding input transistor mn1 while they are connected mutually. Input clock 
signal CK1 is supplied to the sauce. The detecting transistor mpA flowswhen the 
voltage between sauce/gate exceeds a thresholdand current flows through it from the 
current source Io. If this current flowsthe potential of the node A will fall and the 
detecting transistor mpA will be in non-switch-on. Thereforein a stationary statethe 
sauce / voltage between gates of the detecting transistor mpA are maintained at 
threshold voltage +alpha. Since the threshold of the detecting transistor mpA is 
beforehand formed so that it may become equal to input transistor mnlit means that 
the threshold of input transistor mn1 was detected as a result. Since the bias of 
threshold Vth+alpha always starts the gate of input transistor mn1 so that clearly 
from a figurethe DC offset according to this bias will be added to input clock signal 
CK1. 

[0013]The level shifter 2 consists of a current mirror circuit containing input 
transistor mn1 of a couplemn2and load transistor mp1 of a couple and mp2 in this 
example. Input transistor mn2 of another side consists of N channel electric field 
effect type TFT similarlyand it is connected to corresponding detector / off-setter 
1B of another side. Both load transistor mp1 and mp2 consist of P channel electric 
field effect type TFT. Input clock signal CK1 of an opposite phase and CK2 are 
mutually supplied to input transistor mn1 of a coupleand mn2 via a detector / off- 
setters 1A and 1B correspondingrespectively. Input transistor mn1 which corresponds 
if one clock signal CK1 becomes high-level flowsand it flows also through load 



transistor mp2 according to this. Thereforethe drain of this transistor is raised in the 
power-supply-voltage VDD sideand amplified output clock signal Vout is obtained. If 
the input clock signal of a couple is reversed after predetermined retention time 
progress and input transistor mn2 of another side flows via the detecting transistor 
mpB of another sidepulldown [ of the drain ] will be carried out to the grounding 
(GND) sideand output clock signal Vout will fall. 

[0014] Drawing 2 is a wave form chart showing the simulation result of the low 
amplitude input level converting circuit shown in drawing 1 . Voltage is taken along a 
vertical axis and lapsed time is taken along the horizontal axis. In this 
examplemutuallyinput clock signal CK1 of an opposite phase and CK2 have the 
amplitude of about 1 vand they have the pulse width for about 0.5 microsecond. The 
threshold voltage Vth of the input transistor of a couple is about 3.5V. The power 
supply voltage VDD is set as about 12V. Input clock signal CK1 and CK2 can add 
offset for threshold Vth+alpharespectively by the detector / off-setters 1A and 1B 
which were shown in drawing l and the potential waveforms in input node A and B are 
expressed with VA and VB so that clearly from a wave form chart. Since input 
transistor mn1 and mn2 are driven effectivelyoutput clock signal Vout by which pulse 
amplification was carried out to near power-supply-voltage VDD is obtained by this 
level shift. Howeversince some penetration current flows also into input transistor 
mn2 connected to this and series when load transistor mp2 shown in drawing 1 
flowsthe voltage drop for delta V minutes is looked at by the peak level of output 
clock signal Vout. Howeverthis voltage drop is a level which is satisfactory practically. 
In this examplesince the voltage for threshold voltage Vth+alpha is impressed 
between the sauce of input transistor mn2and a gatesome penetration current will 
flow. Since the voltage beyond a threshold is impressed to the gate of an input 
transistor according to this invention as mentioned abovethere is no reactive 
component and level conversion is performed at high speed. 

[001 5] Drawing 3 is a circuit diagram showing the concrete example of composition of 
the detector / off-setter 1 A shown in drawing 1 . In the example of (a)the current 
source connected to the detecting transistor mpA consists of P channel electric field 
effect type transistor mp3 by which the grounded gate was carried out. On the other 
handthis current source consists of the high resistance element R in the example of 
(b). 

[001 6] Drawing 4 is a circuit diagram showing the 2nd example of the low amplitude 
input level converting circuit concerning this invention. In order to understand easilya 
corresponding reference number and reference mark are given to the 1 st example 
shown in drawing l and a corresponding portion. In this exampleit replaces with a 
current mirror circuit as a level shifterand the flip-flop circuit is adopted. That isthe 
drain of one input transistor mn1 is connected to the gate of load transistor mp2 
which countersand the drain of input transistor mn2 of another side is connected to 
the gate of load transistor mp1 which similarly counters. If one input clock signal CK1 



becomes highHevelinput transistor mn1 will flow and it will flow also through load 
transistor mp2 according to this. As a resultas for the drain of transistor mp2pull-up 
of while is carried out to the power-supply-voltage VDD sideand output clock signal 
Voutl becomes high-level. Since the load transistor mp1 [ remaining ] will be in non- 
switch-on at this timein the output terminal of another sideoutput clock signal Vout2 
of a low level appears. Nextif input clock signal CK1 of a couple and CK2 are 
reversedinput transistor mn1 will be in non-switch-onand input transistor mn2 will be 
in switch-on instead. As a resultoutput clock signal Voutl will fall and output clock 
signal Vout2 of another side will rise. Although the P channel type was used as a load 
transistor in this exampleusing an N channel type as an input transistorof coursethis 
may be made reverse. At this timethe power-supply-voltage VDD and grounding 
(GND) side is replaced. Naturally also in the 1st example shown in drawing 1 such 
modification is possible. 

[001 7] Drawing 5 is a circuit diagram showing the 3rd example of the low amplitude 
input level converting circuit concerning this invention. This example is modification of 
the 1st example shown in drawing l and aims at controlling voltage drop deltaV of an 
output clock signal. He has the same composition as the 1st example 
fundamentallyand is understanding easily by giving a corresponding reference mark to 
a corresponding portion. Different points are not grounding the sauce of input 
transistor mn1 but supplying input clock signal CK2and supplying input clock signal 
CK1 to the sauce of input transistor mn2 similarly. 

[0018]Nextoperation of this 3rd example is explained in detail. In this examplethe 
amplitude of input clock signal CK1 of an opposite phase and CK2 was mutually set as 
2.0Vand the threshold of input transistor mn1 and mn2 is set as 3.5V. If one input 
clock signal CK1 becomes high~level5.5V to which offset for a threshold was added 
will be impressed to the gate of corresponding input transistor mn1. Since clock signal 
CK2 in a low level is impressed to the sauce of input transistor mn1 at this timesauce 
/ voltage between gates is set to 5.5Vand the input transistor mn1 concerned flows. 
Thereforesince the gate of load transistor mp2 is pulled to OVit will be in an ON 
stateand output clock signal Vout rises to the power-supply-voltage VDD side. At 
this time2.0V of input clock signal CK1 is impressed to the sauce of input transistor 
mn2 by which the series connection is carried outandsimilarly the voltage 3.5V 
equivalent to a part for a threshold is impressed to the gate. The sauce / voltage 
between gates of this input transistor mn2 are set to 3.5V-2.0V=1.5Vand maintains a 
perfect OFF state. Thereforethe drain of load transistor mp2 is raised by abbreviated 
completeness at the power-supply-voltage VDD sideand a voltage drop substantial to 
output clock signal Vout is not produced. 

[0019]Herethe application of the low amplitude input level converting circuit which 
starts this invention with reference to drawing 6 is explained. In this examplea low 
amplitude input level converting circuit is built in the active matrix type liquid crystal 
display device 51 and functions as a clock interface to external timing JIENERETA 52. 



The active matrix type liquid crystal display device 51 has a active-matrix 
indicatorand contains liquid-crystal-picture-elements LC of a large number arranged 
to matrix formand TFT which drives this so that it may illustrate. Multiple connection 
of additional-capacities CS is carried out to the both ends of each liquid-crystal- 
picture-elements LC. The drain of each TFT is connected to the picture element 
electrode which constitutes the corresponding end of liquid-crystal-picture-elements 
LCsauce is connected to the signal line 53and the gate is connected to the gate line 
54. The other end of each liquid-crystal-picture-elements LC is connected to 
counterelectrode COM. It is connected to the vertical shift register 55and two or 
more gate lines 54 receive supply of a selection signal. It is connected to the common 
data line 56 via the sampling switch SWrespectivelyand two or more signal lines 53 
receive supply of the picture signal Vsig. Each sampling switch SW is connected to 
the horizontal shift register 58 via the corresponding gate circuit 57. These shift 
registers 55 and 58 grades constitute a circumference driving circuit part. 
[0020]The vertical shift register 55 chooses the gate line 53 by line sequential. On the 
other handthe horizontal shift register 58 makes it flow through the sampling switch 
SW one by one via the gate circuit 57and distributes the picture signal Vsig to each 
signal line 53. If the one gate line 54 is chosenTFT(s) on the line concerned will be in 
switch-on all at once. The picture signal Vsig sampled from each signal line 53 is 
written in liquid-crystal-picture-elements LC via this TFT through which it flowed. 
Release of selection of the gate line concerned will hold the picture signal written in 
liquid-crystal-picture-elements LC as it is till the next selection operation. 
[0021 ]The horizontal shift register 58 is started by level start signal HSTtransmits 
level start signal HST one by one mutually synchronizing with horizontal clock signal 
HCK1 of an opposite phaseand HCK2and drives the sampling switch SW. The vertical 
shift register 55 is started according to the vertical start signal VSTtransmits the 
vertical start signal VST mutually synchronizing with vertical clock signal VCK1 of an 
opposite phaseand VCK2and chooses two or more gate lines 54 by line sequential. 
These level start signal HST and horizontal clock signal HCK1HCK2the vertical start 
signal VSTvertical clock signal VCKIand VCK2 are internally formed of the low 
amplitude input level converting circuits 61-64 mentioned aboverespectively. These 
low amplitude input level converting circuits 61-64 specifically have the circuitry 
shown in drawing 1 drawing 4 or drawing 5 . Howeverin forming horizontal clock signal 
HCK1 of a coupleHCK2 or vertical clock signal VCKIand VCK2 using the circuitry of 
drawing 1 which outputs a single-phase internal clock signalor drawing 5t he inverter 
for creating an inversion signal internally is needed. The two phase input clock signal 
which has the cycle and phase which were appropriately adjusted from external timing 
JIENERETA 52respectively is supplied to the low amplitude input level converting 
circuits 61-64 mentioned above. 

[0022]By the wayin the application shown in drawing 6 the thing of two phase input 
structure is adopted as the low amplitude input level converting circuits 61 thru/or 64. 



Thereforebetween the clock interfaces which consist of the timing generator 52 and 
the two phase input level converting circuits 61 thru/or 64a total of eight contact 
buttons are required. If it replaces with a two phase input level converting circuit and 
a single phase input level conversion circuit is used as a clock interfaced is possible 
to reduce by half this number of contact buttons. About especially the level 
conversion circuit 63 that outputs the level conversion circuit 61 which outputs level 
start signal HSTand the vertical start signal VSTthe direction of single phase input 
structure is essentially suitable. In view of this pointa single phase input level 
conversion circuit is shown in drawing 1 1 as the 4th example of this invention. This 
4th example improves the 3rd example of the two phase input structure shown in 
drawing 5 in single phase input structure. Thereforein order to understand easilythe 
corresponding reference mark is given to the 3rd example and a corresponding portion. 
Single-phase input clock signal CK is supplied to one detector / off-setter 1 Aand the 
composition is the same as that of the detector / off-setter contained in a previous 
example so that it may illustrate. Howeverin this exampleit replaced with the P 
channel type as the detecting transistor mnAand the N channel type is adopted. The 
detector / off-setter 1B of another side contain the N channel type detecting 
transistor mnB similarly. Howeverthe sauce is grounded. The level shifter 2 is 
connected between both detectors / off-setters 1A and 1Band it consists of a 
differential type current mirror circuit in this example. The level shifter 2 contains 
input transistor mn1 of a coupleand mn2and input clock signal CK of the single phase 
to which predetermined offset was added by the corresponding detecting transistor 
mnA is impressed to the gate of one input transistor mn1 so that it may illustrate. 
Direct predetermined offset is impressed to the gate of input transistor mn2 of 
another side via the corresponding detecting transistor mnB. This single phase input 
clock signal CK is simultaneously supplied to the sauce of input transistor mn2 of 
another side. This level shifter 2 contains auxiliary elementswhen single phase input 
clock signal CK switches to a zero levelreduces the driving ability of one input 
transistor mn1 from input transistor mn2 of another sideand attains reversal 
stabilization of output clock signal Vout. These auxiliary elements consist of the N 
channel type auxiliary transistors mnXand the sauce is connected to the sauce of 
input transistor mn2 of another sideThe drain is connected to the gate of one input 
transistor mnland common connection of the gate is carried out to the gate of input 
transistor mn2 of another side. 

[0023]With reference to drawing 11 operation of a single phase input level conversion 
circuit is explained in detail succeedingly. If single phase input clock signal CK rises 
high-levelone input transistor mn1 will be in switch-on via the detecting transistor 
mnAand the gate voltage of drive transistor mp2 will be reduced at the ground level 
side. As a resultdrive transistor mp2 will be in switch-onthe potential of output node 
C can pull up to the power-supply-voltage VDD sideand output clock signal Vout 
rises. Thenif single phase input clock signal CK falls to a zero levelthe voltage of an 



offset level will be impressed to the gate of one input transistor mn1. The voltage of 
the offset level is always impressed to the gate of input transistor mn2 of another 
side by the corresponding detecting transistor mnB. Thereforesince potential 
difference does not arise in the difference input of the current mirror circuit which 
constitutes the level shifter 2 from as [ this ]the potential of output node C will 
become unfixedor it will be set to the intermediate level of the power supply potential 
VDD and earth potentials (GND). Soin this examplethe auxiliary transistors mnX are 
included in a differential type current mirror circuitand when single phase input clock 
signal CK is a zero levelit is carrying out as [ reduce / the potential of the node A / 
rather than the potential of the node B / enough ]. Since these auxiliary transistors 
mnX are in the state near cutoff like input transistor mn2 when single phase input 
clock signal CK is high-levelthey do not check charge of output node C. When single 
phase input clock signal CK is a zero levelon the other handreduce the potential of 
the node Aand The detecting transistor mnAInput transistor mn1 and the load 
transistors mp1 and mp2 are brought close to cutoffthe discharge characteristic of 
output node C is improvedand the state of output clock signal Vout is made to 
become final and conclusive. It is important to optimize the size of the auxiliary 
transistors mnX to some extent as design items. For examplewhen the size of the 
auxiliary transistors mnX is too large and single phase input clock signal CK is a zero 
levelwhile the potential of the node A can fully be reducedWhen single phase input 
clock signal CK is highHevelthe potential of the node A has not fully risen according 
to the leakage current of the auxiliary transistors mnXand there is **** which spoils 
the charging characteristic of output node C. 

[0024] Drawing 12 makes the circuitry of the 4th example shown in drawing 1 1 
materialize further. By this examplethe power supply voltage VDD is set as 12V. The 
current mirror composition which consists of transistor mp3mp5and mn6 as a current 
source of the detecting transistor mnA is adopted. In particulartransistor mn6 is 
adopted as a high resistance element for current control. Similarlythe current mirror 
composition which consists of transistor mp4mp5and mn6 is adopted as a current 
source of the detecting transistor mnB of another side. The load carrying capacity 
CLD is connected to output node C via the inverter which consists of transistor mp7 
of a coupleand mn7. This inverter is an output buffer. 

[0025]Finally with reference to drawing 13 the simulation result of the single phase 
input level conversion circuit shown in drawing 12 is shown. (1) expresses the 
simulation result at the time of supplying single phase input clock signal CK which has 
the amplitude of 5V. The pulse width of input clock signal CK is about 200 ns. Output 
clock signal Vout answers input clock signal CKand rises to near the source voltage 
level enough. The reversed output voltage VLD is impressed to load carrying capacity. 
(2) expresses the simulation result at the time of lowering the amplitude of single 
phase input clock signal CK to 3V. Output clock signal Vout and the output voltage 
VLD which were excellent in the response without abbreviated inferiority compared 



with the case of (1) are obtained. 
[0026] 

[Effect of the Invention]By according to this inventioneven a proper level's offsetting 
the input clock signal of low amplitude internallyand performing level conversion of 
pulse amplitude after an appropriate timeas explained abovelt is effective in becoming 
possible to perform the clock interface of the thin film transistor integrated circuit 
device represented by an active matrix type liquid crystal display device etc. at high 
speed by the low voltage not more than 3V. It is effective in becoming possible to 
correspond to the voltage lowering trend of the CMOS gate array which constitutes 
external timing JIENERETA enoughand it becoming unnecessary to incorporate the 
pulse amplifier by a high-withstand-pressure MOS process also especially in the gate 
array sideand the miniaturization of a chip being attained. Since direct continuation 
becomes possible at a CMOS gate arrayit is effective in the marketability of an active 
matrix type liquid crystal display device kit increasing. In additionaccording to this 
inventionsingle phase input-ization is attained by simple composition of adding 
auxiliary elements to a two phase input level converting circuitand it is effective in 
the ability to perform stable and high-speed pulse amplification. By using the single 
phase input level conversion circuit which has this compositionit is effective in the 
level conversion of a single phase signal like the start pulse of a shift register 
becoming realizable easily. By using a single phase input level conversion circuit as a 
clock interfaced is effective in becoming possible to compare with the former and to 
reduce the number of contact buttons. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a circuit diagram showing the 1st example of the low amplitude input 
level converting circuit concerning this invention. 

[Drawing 2] It is a wave form chart showing the simulation result of the example shown 
in drawing 1 . 

[Drawing 3] It is a circuit diagram showing the example of composition of the detector 
/ off-setter included in the example shown in drawing 1 . 

[Drawing 4] It is a circuit diagram showing the 2nd example of the low amplitude input 
level converting circuit concerning this invention. 

[Drawing 5] It is a circuit diagram showing the 3rd example of the low amplitude input 
level converting circuit concerning this invention. 

[Drawing 6] lt is a block diagram showing the application of the low amplitude input 
level converting circuit concerning this invention. 

[Drawing 7] It is a circuit diagram showing an example of the conventional level 
conversion circuit. 



[Drawing 8] It is a wave form chart for explaining operation of the conventional level 
conversion circuit. 

[Drawing 9] It is a circuit diagram showing other examples of the conventional level 
conversion circuit. 

[Drawing 10] It is a wave form chart for explaining operation of the conventional level 
conversion circuit. 

[Drawing 1 1] It is a circuit diagram showing the 4th example of the low amplitude input 
level converting circuit concerning this invention. 

[Drawing 1 2] It is a circuit diagram showing the concrete example of circuitry of the 
4th example shown in drawing 1 1 . 

[Drawing 13] lt is a wave form chart showing the simulation result of the example 

shown in drawing 12 . 

[Description of Notations] 

1A A detector / off-setter 

1 B A detector / off-setter 

2 Level shifter 

mn1 input transistor 

mn2 input transistor 

mp1 load transistor 

mp2 load transistor 

mpA detecting transistor 

mpB detecting transistor 

mnX auxiliary transistors 

CK Single phase input clock signal 

CK1 input clock signal 

CK2 input clock signal 

Vout output clock signal 
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/\t)?n-y<>'m^cK2is:i&i&?2>mt. m\s<x 

1 ?Mt5ST$5„ 

[ooi 8] %uz, z\(Dmzni&m(DW}ft*nm\zmw 

■TSo *«iJT'liS^lcia*ffl<DA73'7P>y'7fl^C 
K1, C K 2 0)&tfi« 2 . OVICIS^U XtiY-^y'J 
^mn1, mn20iafii^3. 5 VlcfS^LT^-So 
— 7j<9A7D-7 nvvm^C K 1 jbVWU^UC&^iu 
^-r^ATD h7»'Wmn 1 hlcttHffift® 

*7-byh^to7/c5. 5 v^enfiD^n^o cio^ 

A*h7>i/7^mn 1 (DV—XiZita— b^UtcSS 
^P7 <7ft^C K 2 #BPiO* tlTt^?.<7)T\ V—X/V 
-bm^E.lt5. 5 Vi^y^SA73h^>v ? 7.'?mn 
Hi^a-TSo fifoT. RI?fh : 7Vi>'X^mp2<Dy- 

ff^V o u t limaSlWEV D DfliJlC3i-S±^*o 

Pf, B^JS^nTt^AT] h7»'X5mn 2<0V— 

XlZlt Atl<7 a y^iS^C K 1 <7)2. OV^EPSP^n. 

[e] c < ^- Ka±ga<i7*Ktsi3"r£®ff3. 5 v^epijd 

^■tlTl^o C1C0A7D h7>yX9mn 2<DV-X/f 
-hP^JIli3. 5V-2. 0V=1. 5Vi4'A §5 

p 2 <JD KU-f VliBS^lcm^mJEV D D«««±lf 
liiTD^Py^ft^Vo u t (cUKW^mJS^Tli 

[0 0 19] Z\Z\T\ E6«#^LT*^H:3b^?)<g 
JliliA73U^U^lHjiKO)fSffl^J^U4B^-rS„ *^JT' 
it. fgjaiA7D U^;U^«H3!^li7 , -j7 5 1 < h 'J <7X 

mm^Tmrn 5 1 icp«3i^*ti. fl-gpS"^^"^!* 
u - 5 2 ic ^5 ^ p y 9 -r > * - 7 x - 7. <t L 
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TTsgiW. 5 1 147 7 9 t- <f h U * A«jj*6*&« U 7 h 

>j ^xtticew L/t^noxjinK l c £zn*mw)T 

CD KKXiWJKrSJaftHJIEL CO)— J5t*«jar*lB 
SftAHS L C ©ffeiastettlSjBfii COM KJgi?* *iTl/» 

^ 0 sa©y-h^-r>5 4iisas/7hui?x^5 5 

=>-<y 5 3 li^^-tV^'J >^X-T y S W*fl- LTW 

gCDfJt^gl+So ^vyUy^X'T-y^SWlifttS 
"t - 7^^LT*¥->7 hl^A* 5 81C 

J£^*tlTl^» Cft'Sv'y hUv'X-S' 5 5, 5 8Sli 

[0020] ii->7 u-yx* 5 5 ttmrnxer- k 

^0 5 3^ajRr^ 0 — 3&» 7k¥->7 h U-^X^ 5 8 
It?- 5 7 LT«W>7*U y-?A-< •> * S 
W^ilJt. ilHirtl^Vs i g*#fi^-f>5 3 1*: 

UcTFT^LT> =&ffl^-<>5 3 3b^6+^>yU> 
y*tifcH««*Vs i g#;£AilsiiLCl;:«#&£tl 

S *1 -5, 

[002 1] TkW-isy h L^X* 5 8tt*¥^^~ HB 

HCK1. HCK2tC|^WLT* 5 PX£-F-'ft- 5 §-HST 

^ih&SejSU u > y f s wsraiiT*. 

X. SB->7 h UvU* 5 5 ttSHX*- hfl»V S T 

1. VCK2lc|ig»JLTSHX*- Mt^VST^fniSS 

5*W-HI§HST, 7k¥-7P'^7<f^-HCK 
1, HCK2. IIX^-^VST, IE7P7 7 
fl^VCK 1 , V C K 214, ^wMLTciSM^Ktily 

"Oi/XMsis 6 1 ~6 4 ic«fc y rtawicjBfK*ti*. c 

tl6OfiffiilSA73^;U^«S0K6 1 ~6 414. 

u wiort»^ny^«**a*r*Hixt4ia5© 

0K«fiK*ffl^T» -*t<D7j<¥? p w 9fl»H C K 1 . 
HCK2Xl4Sil-?P'y^«^VCK 1 , VCK25i 

SS6 1 ~6 4K14. MB*^ ;V^i*l/-J 5 2fr 
S**31WlcHJItfftfcJ8»!Rtffra*WT*r«Aa 

[0022] i: £ 5TE 6 {Cjj* LfcfSBftlTl** ISSHI 



A7DU^;Ug&[s]S&6 1 &l^L6 4<tLT-fflA7DtIi£ 
— S* 5 2<k-fflA7DU^U^[HlK6 1 &l^L6 4fr6 

& s ^ p y ? ^ y $ - y x - x t cors in i4-&it 8 m<Dm 
#ffiA7D i/^waiHB*^ □ ^-r>*-7 i-A<t 

3, flflCv 7j<¥A^-hft^HST^ai7D-r^U^U^ 
1 StfSBX-?- Ml-^V S T^tii73-r^U^ 
;t/^I°]K6 3fcOl>Tl*s *5R«JtC*ffiA73^jg073 
ffiiLTU**. COjSIcS^ 01 1 \Z*WR0)K4n 

it«itLT*HA*ix^u**ia»*s-r. c a»R 4 si 

SSflMx 0 5 leg* L/c -ffl A7D*g3££>ff 3 Hffi^J^mtl 
A^Jg^lc&ML/c^T&S, ftoT. S^S^lC 

-tr y 1 A lcii*ffi<7)A7:^ p -y -?«^c K jbMtt*&*n 

> v^A ^ m n A <t LT P ^ + ^U^lcf^jl N =f- * *ilsM 
^fflLTl^. ffcfcajx-fT 1 ?* 1 Bli 

T7$/*7i!7$1A, 1 BCDFbHj:14U^s/U->7^2 

fr5&3„ m^f^^lc, U^C; U-> 7$ 2 lt—tt<D A7D 
h^>'v ; 7.-S'mn 1 , mn2££A/?£»A — 7d©A7D 

X^mn AtCj:yp/T^<D7|-^-tr'y hA^Dxetlfc^tBG) 
A73^P>y?«^C K6^EpJ]D*n5o •ftl375"<7)A7Jh5> 

ciro*ffiA7J^ny ^fl^C K &|W|BfKfto73 (D A7J 

*yy*2 itffi ftb^^^/uTfc y . **S A73-? p y ^fi 

^C K1$-$nl,'<MZ.m i )%kt>itcn. — 150X73 
n2J:UffiT?^ aJ73^Pyi7ff^Vo u tCDSte© 

^b^H^c K*fBb^?i± N^t ^;ny<Dffifft h ^ V 5? 

WmnXfr^'J, -?-tDy-Xl4ftl373<DA7D h^y'J 
X-SJrnn 2©V-7.lCjgS§g5-nrfcy, ^05KU-<yl4 

y, ^©y- hl4f67b-<DA73 h^y-yx^mn 2<Dy*- 
[0 0 2 3] ?l*ig!*E1 1 S#8aLT^fflA7DU^I/ 

^•c K6V\< ix"<;i4;:fi-5±tf*£ttdJ h^y-yx-sim 

n A?^>LT- 7dCDA73 h7>^mn 1 
<t 3& y iEK) h7>v f X^mp2 ©f- h 
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2 &3KBKflg£ & VlUfJS— KC ©BtetfmaSiffiE V D 
D»c3l*±tf 6ntli?D^Pv<7<i^v o u t #£r5± 

iT5Ttf*£— 1j(OXf3 h7>-yx*mn 1 CD-if- htc 

Tl^= ftoT. £©££Tlib^U->7$2;&t8/$-t 
U> h = 7-08©M»A7JK«tiiMtf£ UftLSfc 

V D D t&t&WiiL (GND) ©tf^b^yUt^oTL* 
3, *CT\ ^II^JT tiMltiS^U'^ h=7-ls]SSK 
ffitth 7 >S?;i$mnX ^tBATD^Pyy 
ffi^C Ktf-gD U^/l/CDBfy- KAfl)Kfi*y- KB© 

«ffi«fey«fc-H!MaT*-&*a»cLT^*. cos* H7 

Vv'WmnXttWiAWPiymc KjbVvf 
;U4)& A*h7>5^X*mn 2tB«»v 

3fr» «BA7D^Py^fl^CKA^PU^;l/©^ y- 
h*A<Dmffi*3l*Ttf*di h5Vv t ^mn A, A73 h 
7»'7^mn 1 s Mh7>v f X^mp1SU : mp2 

LTWa*nv*fl»Vo u t <o:|«K*5tot*-£fto % 

*afi«»br«*iiwpft«. iih7> 

5?X*m n X<D+J->r X#*#Ttf ft <h*tSA7Jl7 P •> * 
fi^C KfMfn L^jKDWy- KA<omtttJ±+»lc5l* 
"Rf ft*#T*ft— 75\ #*aA7D-?P y^fa^C K*V\ 

y- KA©fcflMH-#lC±SL*S*\ tB*y-KC© 
5feWttt*SI4 3 tUtltfftfto 

[0 0 2 4] 012&. 01 1 ia5*Lfcflt4MI0!4>l9 
K*J«**Sfc*ttfl;***-fc , fc©'P»ft. C4>JI1Mr? 

h^V-yT.-S'mn A£D«)Jit;Ji<»:LT h7»'^mp 
3, mp5, mn6*6*4*l/>hS7-I«*Jllffl 
LTVft. iflc, m>7tE$'J^ffl<Dg}ftmil?«!:LT h7> 

>v>'X£m n BCDHSftiilSi: LT« h7 y 9 J7.*m p 4, 
mp 5, mn H57-ifiS5IfflLT 
l^fto SSIC, Utfjy-KClcW:— a*<Dh7>5>X*m 
p7, mn 7/)S§?<>/\"-^^LT»iMCL 
D JNftgt&nS. C ©< V/ * U ffi73/ 1 ; y 7 t» X s ft 
fto 

[0 0 2 5] m'iklzm 1 3«#SRLT, 01 2lC^Lfc 
A73 b'<;U*»ig»fl!>-> ;al/->a »S»*^ 

r. (i) it s vv>imz:mTzma\t)<7 oy^« 

C K Lfc»£©5> ?2l/->3 >*£m£S*3 LT 

l^ft. ftftA*>*P v*«*C K0yC;U7>l|@tt*?)2 0 0 
nsTftft, SiJ*l^Py<7<fi^-Vo u t t±A73^P y 



fto X> ft»»*[cttS*B*n/fctt*WEVLD^BJtt] 

Stift. (2) tt*fflA*^py^fll*CKa)SB*3 

ft,, (1) 0«^tlt'<lWaftft<J6WtH:flitifelll* 
^Py^fl^Vou t&tfdJ*J®JEVLDjbM#6tlTV 
fto 
[0 0 2 6] 

V(C <fc y s T 7 * x -f V 'J * XSift A&roBIIWc «fc 

•3T«a*na^h7>-yx-?««[HiK^B©-7ny 

fT45«w^<i&u:ftft£c^ a s> 
^i^u-' s»*«j«r*cMosy- v?\s<<<M8M. 

KfJiete^Tt^lcaWEM o s 7"p-teXK <fcft/\°M/ 

XT' > r^ffl^&tr&gtffc < ft y , * y rc/jxa^b* 
a 0 jpaTs *»wic<fe*itf» — tiA*i u^yusmiass 

icWtt*? *jt*Df Stl^5*»eft«fiEH:«fc y *fflA7D 
fb#Pl#&.»: ft y . S^loiao/ fcl/XiMitffTftS.* 
^^dJtUlltfftft. 3b^a«lfig«Wra*fflA73 u^u 

/\°;i/7.©«ft#ffifi^<DU^;u^6^a^iiiipjigic 

ftat^dxiiJ^fta., ^fflATDU^U^lHl^^P 
LSMfi*H?tt*IW3fr a*««RlHgltft S <!: ^ r> 

1 nj&0!]£^-r[H]ssigT-ft*o 

[02] 01 (c^Lfcll«6<5>J©-> = 3. > 3 >^S^- 

^rafiBETftSo 

[03] 01 iz^Ltcntemicmfr&£ti2> : T'( : rt>$ 

[04] *HB^lCA^^fgfiiiHA73U^;l/S}SlHlK©^ 

2 HJg0»|:£*Vr[H]Sg01?ft 

[05] *58R^lc^3b^fgfiiitiA^)L'^;L/^lH]K©m 

3 HfifeflJ^-tlHlS^Tft 5. 

[06] *#|B^H:^^^{gSitsA7DU^l/^l2l!K©fS 
flHW*a*T7a •> •?0Tft«= 
[07] ^©u^i/^isiK©— 0iJ^-ri2]ffi0T-s 

[08] ee*©b^;i/^[5]iK©iif^^uiB^-r*^©;« 
m0Tft^Sc 

[09] «e5R©u^;i/S^isiK©fte©0ij^-riHi^0T- 
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